Introduction
Among the great advances that have been achieved in infectious diseases has been on the management of cytomegalovirus (CMV) infection and disease.
This chapter describe an overview of the clinical manifestations of CMV diseases that are in immunocompromised patients, including patients with human immunodeficiency virus infection / Acquired Immunodeficiency Syndrome (HIV / AIDS), organ transplant recipients, bone marrow transplant recipients, and individuals receiving immunosuppressive therapy or chemotherapeutic agents. We also present the conditions for the development of CMV disease in these patients.
In the overall population, the seroprevalence of CMV (IgG) is 30 to 100%. CMV disease is a major cause of death in bone marrow and organ transplant recipients and persons with AIDS. In adult patients with cancer and leukemia (except T cell leukemia) who have not undergone transplantation, the frequency of CMV disease is lower than 3%, but mortality can reach 82% [1] [2] [3] [4] [5] .
The direct clinical effects of CMV are CMV viral syndrome and end-organ diseases. The indirect effects include superinfections caused by bacteria (eg: Listeria or Pseudomonas), fungi (eg: Aspergillus, Pneumocystis jiroveci, Cryptococcus) or other viruses (herpes zoster, Epstein Barr virus) [6] .
Terminology
CMV Infection is defined as the detection of the CMV virus by antibodies in blood or the detection of this virus by polymerase chain reaction (PCR), or antigens in any body fluid or tissue specimen, but the infected patient not show any clinical symptoms caused by the virus [2, 4, 7] .
CMV Disease is the presence of CMV infection, evident as: CMV Syndrome, a clinical condition characterized by fever ≥ 101 ºF (≥ 38.3ºC) at least twice within 7 days, muscle pain, leukopenia ≤ 3500/μl, neutropenia ≤ 1,500/μl, atypical lymphocytosis ≥ 5% and/or thrombocytopenia < 100,000/μl [7] or… CMV Disease with Organ and Tissue involvement. Clinical presentations [3, 4, 6] include pneumonitis, gastrointestinal disease (e.g., gastritis, colitis, esophageal ulcers), hepatitis, pancreatitis, nephritis, cystitis, myocarditis, retinitis, central nervous system disease (e.g., meningitis, polyradiculitis, encephalitis, transverse myelitis, Guillain-Barré Syndrome, peripheral neuropathy), thrombocytopenia, hemolytic anemia, adrenalitis, disseminated disease [2] .
Primary infection is defined as the detection of CMV infection in an individual previously found to be CMV seronegative. In the case transplanted patients, when the recipient with CMV seronegative (IgG and IgM) receives blood products or a graft from a donor CMV seropositive IgG (D+/R-). The appearance of de novo specific antibodies in a seronegative patient may also be acceptable for the diagnosis of CMV [2, 7] . Secondary (Reactivation) infection occurs with the reactivation of endogenous latent CMV, in a CMV seropositive patient, who has (cancer, chronic lymphocytic leukemia, solid organ transplantation, or bone marrow transplantation) with diminished immunity after immunosuppressive therapy or a patient with HIV. The recipient before transplantation is seropositive for CMV (IgG) and the donor is seronegative to CMV (IgG and IgM) (D-/R+) [2, 4, 8, 9] . Reactivation or reinfection again initiates an IgM response. The IgG appears within a few weeks of the IgM rise (4).
Superinfection can occur when the recipient receives a graft or blood products from a donor who is CMV seropositive with different strain of CMV (D+/R+) [2] .
Preemptive therapy consists on to monitor weekly by CMV blood PCR to immunocompromised patients and if the test becomes positive, they will be treated with antiviral, irrespective of clinical symptoms. This type of therapy is used in patients with solid organ transplant (specifically with serotypes D+/R +, D-/ R+ and D-/R-), hemopoietic stem cell transplantation, and patient with chronic lymphocytic leukemia who received alemtuzumab, each group of patients has specific guidelines for this type of therapy. Following a study in which CMV DNA was found in 83% of liver transplant recipients at a mean of 13 days before the onset of symptomatic CMV infection, it has become apparent that the preemptive therapy decreases the morbidity and mortality of CMV infection [2] .
Prophylactic therapy involves administration of oral valganciclovir or intravenous ganciclovir at-risk patients, such as patients with CMV IgG serostatus negative (D+/R-) or when the recipients need anti-rejection therapy, such as anti-thymocyte globulin (ATG) or anti-lymphocyte globulins (ALGs) [2] .
The role of immunosuppression

CMV disease in transplantation recipients
Hemopoietic Stem Cell Transplantation (HSCT)
CMV infections may be more frequently caused by reactivation of the virus in the recipient rather than a primary infection. Approximately 30% of seronegative recipients with seropositive stem cell donors (D+/R-) develop primary CMV infection, whereas reactivation occurs in about 80% who were seropositive before transplantation [8, 10] .
According the guidelines by Tomblyn et al 2009, HSCT recipients at risk for post transplant CMV disease (all CMV-seropositive HSCT recipients, and all CMV-seronegative recipients with a CMV seropositive donor) should have a CMV disease prevention program from the time of transplantation until at least 100 days after HSCT, using prophylaxis or preemptive treatment for allogeneic recipients.
A preemptive strategy against CMV replication (<100 days post-HSCT):
1. To all allogeneic HSCT recipients with evidence of CMV infection for CMV DNA, and this strategy is preferred over prophylaxis therapy for D+/R-. Administer induction doses: Valganciclovir 900 mg twice daily or ganciclovir I.V. 5mg/kg every 12 hours for 7-14 days. Maintenance doses: for another 3-4 weeks until the test is negative or resolution of symptoms.
2.
CMV seropositive autologous HSCT recipients with high risk for CMV replication or disease, for example patients who had total body irradiation, and patients who have received alemtuzumab within 6 months prior to HSCT. Administer induction doses: Valganciclovir 900 mg twice daily or ganciclovir I.V. 5mg/kg every 12 hours for 7 days.Maintenance doses: for another 3-4 weeks until the test is negative or resolution of symptoms. Note: Continue screening for CMV reactivation and re-treat if screening tests become positive after discontinuation of therapy [11] .
Preemptive therapy > 100 days post-HSCT for:
1. Allogeneic HSCT recipients.
All patients receiving steroids for graft-versus-host disease (GVHD), steroid use, low CD4 counts <50/mm 3 , and use of grafts from CMV-seronegative donors in CMV-seropositive recipients.
Administer induction doses: Valganciclovir 900 mg twice daily or ganciclovir I.V. 5mg/kg every 12 hours for 7-14 days.
Maintenance doses: for another 3-4 weeks until the test is negative or resolution of symptoms [11] .
Prophylactic therapy can be recommended for all allogeneic recipients (from engraftment to 100 days after HSCT), this therapy is not recommended for seropositive autologous recipients, except the patient is at high risk as recipients unrelated, patient with human leucocyte antigen (HLA) system-mismatched or in patients who used the alemtuzumab and are candidates for HSCT. The induction: valganciclovir 450 mg twice daily for 5-7 days. Maintenance: Daily until day 100 after HSCT [8, 11, 12] .
Before the introduction of specific prophylaxis, the risk of CMV disease was reported to be up to 58% in of the allogeneic stem cell transplant seropositive recipients, the clinical presentation more likely was pneumonia with mortality to 94 % [2, 7, 8, 13] . The incidence of CMV pneumonia after autologous bone marrow transplantation and peripheral blood SCT ranges from 1% to 6% [8, 14] .
Gastrointestinal disease is the most common disease, after CMV pneumonia, which can escape blood-based surveillance by PCR in approximately 25 % of patients. There is presently no consensus on how to use molecular methods to diagnose CMV gastrointestinal and pneumonia disease because there are no data on what level of CMV DNA in brochoalveolar lavage (BAL) fluid or tissue that correlates best with CMV disease. The gastrointestinal disease is treated with antiviral alone. The treatment of CMV pneumonia includes the antiviral and intravenous immunoglobulin. CMV retinitis and encephalitis are rare complications [8, 12] .
Late CMV disease in HSCT patients
Late CMV disease (after 100 days) occurs in 15% to 20% of seropositive allograft recipients, and it occurs between months 4 and 12 after HSCT, with a mortality rate of 46%. Risk factors for late CMV disease include CMV infection during the first 3 months after transplantation, chronic graft-versus-host disease (GVHD), CD4 counts less 50 per mm3, and undetectable CMV-specific T-cell immunity [8, 12] .
Solid Organ Transplant (SOT)
CMV infection is most common during the first 3 to 12 weeks after transplantation, this is because in this period is more intense immunosuppression to prevent rejection [2] .
There is a high risk of CMV disease when a seronegative receptor receives an organ from a seropositive individual [Donor+/Recipient-(D+/R-)]. Up to 85% of SOT recipients with CMV D+/R-serologic status develop primary CMV disease, with the prophylactic therapy reducing CMV disease to 22% [2] .
Other high risk factors are biologic agents used for induction therapy or rejection treatment. These include T lymphocyte (OKT3) monoclonal antibody, ATG, ALGs, or high doses of corticosteroids [2, 7] .
There is an Intermediate risk of CMV disease with D+/R+ or D-/R+ combinations and a low risk when the donor and recipient are CMV seronegative [2, 7] .
In kidney transplant patients, 8-18 % will have CMV infection. The clinical presentations may be asymptomatic, fever or affect the transplanted organ, as a glomerulopathy or nephritis [2, 7, 15] .
Amongst liver transplant patients, 29% present CMV infection manifesting as CMV hepatitis [2, 6] .
Amongst heart transplant patients, 25% present with CMV infection manifesting as myocarditis [2, 7] . Of the patients transplanted kidney-pancreas, 50% will present CMV infection usually affecting the transplanted pancreas [2, 7] .
22% of patients with transplanted small bowel will have CMV infection affecting the transplanted bowel [2, 7] .
Around 39% of patients with heart-lung transplants can be expected to have CMV infection, usually affecting the lung causing pneumonitis [2, 7] .
Late CMV disease in solid organ transplanted patients
Antiviral prophylaxis is highly effective in preventing CMV disease in transplanted recipients, particularly in D+/R-patients. However, late-onset CMV disease may occur after 100 days or several years after transplantation, coinciding with discontinuation of antiviral prophylaxis. Among kidney and kidney-pancreas transplant recipients, late-onset CMV disease was documented in 47% of D+/R-patients, 12% of D+/R+ patients, 7% of D-/R+ patients, and 4% of D-/R-patients [16] . One study reported that up to 27% of highrisk (CMV D+/R-) liver and kidney transplantation recipients who received oral ganciclovir prophylaxis for 3 months developed late-onset CMV disease after the completion of antiviral prophylaxis. CMV retinitis and CMV colitis tend to be later manifestations of disease or a clinical presentation atypical [2, 16] .
In a systematic review, CMV disease occurred in 2.6% and 9.9% of SOT recipients receiving valganciclovir as preemptive therapy and prophylaxis, respectively. In patients receiving valganciclovir prophylaxis, the incidence of early-onset (≤ 90 days posttransplant) CMV disease was 0.8% and 1.2% in all patients (D+/R+, D-/R+) and D+/R-patients, respectively. In the prophylactic group, the incidence of late-onset (>90 days posttransplant) CMV disease rose up to 8.9 % and 17.7 % in all patients and D+/R-, respectively. Ninety-two percent of the patients with CMV disease in the prophylactic group were late-onset disease. No patients developed late-onset CMV disease in preemptive group. Late-onset CMV disease is a complication observed uniquely with valganciclovir prophylaxis, particularly in D+/R-patients, but not with preemptive therapy [17] .
The rejection rate was 10.8% in SOT recipients who receiving preemptive therapy. The overall rejection was 17.6% in the prophylactic studies. Fifteen patients (3.9%) of 380 patients in preemptive group had graft loss. In prophylactic studies the graft loss rate was 2.5%. The patients who receiving preemptive therapy, 28.5% developed opportunistic infections. In contrast, prophylactic studies reported the proportion of patients with opportunistic infections was 7.8%. The mortality was 8.2% from four preemptive studies, and 4.4% in prophylactic studies [17] .
Recurrent CMV disease
Recurrent CMV disease may occur in up to 25% of SOTR (2) . Predictive factors include the type of organ transplant, CMV DNA in plasma at day 21, negative CMV IgG serostatus D+/Rat start of treatment and therapy for acute rejection (18) . The rate of recurrent CMV disease for lung transplant recipients was 38.5%, for kidney 14.6%, for heart 11.8%, and for liver transplant recipients was 0%. The yearly risk of recurrent CMV disease was 24.4% for patients with persistent CMV DNAemia in plasma at day 21 versus 8.8% for those eradicated at day 21 [18] .
CMV recurrence may be related to incomplete suppression of viral replication or the duration of treatment (often 2-4 weeks) may have been insufficient. Some authors suggest treatment for 3 months for pneumonitis, retinitis and gastrointestinal CMV disease. Plasma levels of CMV DNA should influence the therapy duration [2] . Weekly monitoring until eradication is recommended [18] .
CMV disease in patients with HIV/AIDS
CMV infection was one of the most important opportunistic infection in HIV-infected patients before the introduction of the highly active antiretroviral therapy. Approximately 40% of HIVinfected patients with advanced disease suffered from one of several manifestations of CMV infection during their life. Colitis is the second most common presentation of CMV disease after CMV retinitis (4) . It is related to the degree of T-cell impairment, being most common in patients with CD4 + T-cell counts bellow 50-100 cells/μl [3, 19] .
CMV disease in patients with rheumatic diseases
The incidence of CMV in rheumatic patients was 50% for systemic lupus erythematosus (SLE), 10% for dermatomyositis, 8.8% for microscopic polyangitis, and less than 5% for rheumatoid arthritis, rheumatoid vasculitis, Behcet´s disease, Chung-Strauss syndrome. The mortality rates CMV disease were 20-75% rheumatological disease depending on the type. The fever was the most common symptom, respiratory symptoms were the second most common, followed by gastrointestinal symptoms. Visual disturbance was observed in one patient [20] .
CMV infection was most common among patients under strong immunosupressive therapy (eg: 500-1000 mg pulsed methylprednisolone per day, 60-100 mg oral prednisolone, or intravenous or oral cyclophosphamide within a year before CMV diagnosis [19] . The effect of corticosteroid involves derangement of T lymphocyte and monocyte/macrophage functions, and blockade of the production of cytokines such as TNF-α. Cyclophosphamide suppresses lymphocyte proliferation and function which increasing the risk of CMV reactivation and replication [1, [20] [21] [22] .
CMV disease in patients with haematological malignancies and solid tumours
CMV disease is potentiated by drugs that cause profound cell-mediated immunosuppression, such as fludarabine (which depresses CD4 T-lymphocytes), high-dose cyclophosphamide, high-dose of steroids and granulocyte transfusions from donors who have CMV disease, and with the use of metotrexate, cyclosporine, alemtuzumab (anti-CD52 MoAb) and rituximab (anti-CD20 MoAb). The mortality rate among the patients with leukemia, myelodysplastic syndrome or lymphoma was 82%, and the 63% of the fatal cases was due to, relapse of leukemia, refractory leukemia, or that these patients were in accelerated or blast phase [1, 23] .
In 2001, serious CMV disease, (primarily pneumonia) was found at autopsy in 17%-75% of patients dying with T cell leukemia. Mortality was higher among patients who had lymphopenia [1].
Guidelines on the management of CMV reactivation in patients with chronic lymphocytic leukemia treated with alemtuzumab
Chronic lymphocytic leukemia (CLL) is a disease of progressive with an accumulation of clonal B lymphocytes in peripheral blood, marrow, and lymphoid organs. This is generally incurable, except the patients who receive an allogeneic cell transplant, and it is the most common form of adult leukemia in Western countries. Patients with CLL have impaired humoral and cellular immunity [24] [25] [26] . Current treatments for patients with CLL include monoclonal antibodies (eg. rituximab and alemtuzumab) among others [9, 27] .
Alentuzumab is a recombinant humanized, anti-CD52 monoclonal antibody with significant activity in CLL, including frudarabine-refractory disease. CD52 is a glycoprotein of unknown function that is expressed on the surfaces of normal and malignant B and T lymphocytes.
Binding of alemtuzumab to CD52 on lymphocytes induces complement-dependent cytotoxicity, antibody-dependent cell-mediated cytotoxicity (which results in a rapid and profound reduction of lymphocytes, and this produces viral replication and reactivation CMV) and direct cytotoxicity (likely apoptotic cell death) [9, 24, 25, [27] [28] [29] .
Viral infections often are presented at the third week after the initiation of alemtuzumab, which coincides with the nadir in T-cell numbers. The CMV reactivation is the most common opportunistic infection observed in alemtuzumab-treated patients and it is observed at the beginning of the 4 -6 weeks of alemtuzumab [30] . O´Brien et al estimated the incidence of CMV reactivation ranges from 4 to 30 %. This incidence typically refers to symptomatic CMV infection [9, 24, 28, 31, 32] . CMV pneumonitis was reported 0.8 %, and CMV-related death 0.2 %. CMV reactivation which frequently presents as fever of unknown origin or respiratory symptoms [9, 24, 28, 31, 33] .
Updated management guidelines for using alemtuzumab in CLL.
Among the recommendations on the use of alemtuzumab in the patient with CLL, is monitoring for opportunistic infections, such as CMV reactivation, theses 1. Baseline CMV serology prior to therapy of the patient 2. If the fever unresponsive to antibacterial agents and test not available should be presumed to be CMV reactivation and the alemtuzumab should discontinue and antiviral therapy should start [9, 24, 25, 27, 28, 31] 3. Monitoring CMV reactivation by weekly PCR during therapy, and every 2 weeks for 6 weeks after alemtuzumab discontinuation [34] [35] [36] .
If the CMV PCR two consecutive positive results obtained 1 week apart, it should start preemptive therapy with intravenous ganciclovir or oral valganciclovir or when CMV reactivation becomes symptomatic or viremia increase, alemtuzumab therapy should be interrupted and anti-CMV therapy to be started (Figure 1) [9, 24, 25, 28] .
The antiviral is administrated 900 mg twice daily for 21 days, or continue with the maintenance dose 900 mg twice daily until the CMV PCR is negative or until you have 2 consecutive negative results [9, 24, 25, 28] .
The pre-emptive treatment prevents the occurrence of potentially life-threatening infectious diseases, and the initiation of anti-CMV treatment avoids the interruption of alemtuzumab [31] .
Another modality is the anti-CMV prophylaxis in CLL patients receiving alemtuzumab, is with valganciclovir 450 mg twice daily. The prophylaxis is administrated entire duration of Alemtuzumab therapy and until 2 months after end the therapy and the frequency of CMV PCR is every 2 weeks. The valganciclovir prophylaxis may be used in patients with elevated risk for CMV reactivation [9, 28] . Patients on prophylactic valganciclovir had a lower rate of CMV activation compared with valacyclovir (3% vs 24%) among patients being treated with an alemtuzumab-based regimen [26, 32] 
CMV infection in patients with inflammatory bowel disease
CMV disease is seen in patients under treatment with azathioprine alone or with 5-aminosalicylic acid, steroids, and/or infliximab, or 6-mercaptopurine, or leukocytapheresis. Crohn disease (CD) was underlying disease in 77% of cases possibly because immunosuppression is more common in CD compared to Ulcerative colitis (UC) [6] .
Clinical presentations of CMV disease
CMV Pneumonia (CMVp)
"CMVp" is defined as the occurrence of clinical and radiographic evidence of pneumonia, in association with the isolation of CMV in BAL, or lung-tissue specimens or with the identification of CMV in lung tissue by histopathology, immunohistochemistry or PCR [1].
CMVp represents a major cause of morbidity and mortality in highly immunosuppressed patients, the clinical presentation resembles Pneumocystis jiroveci pneumonia (PCP), the presence of extrapulmonary CMV disease could suggest the diagnosis of CMV pneumonia [37] . The symptoms are fever, nonproductive cough, dyspnea, or worsening dyspnea that progresses to hypoxemia, and necessitates assisted mechanical ventilation [6] . It can include extrapulmonary CMV disease (gastrointestinal or retinitis) [37] . The signs can include normal breath sounds at auscultation or basal crepitations [6] .
On chest radiograph the infiltrates are usually bilateral and may be interstitial and diffuse (figure 2), or nodular, or alveolar and occasionally small pleural effusions [37] . The most common manifestations of CMVp on conventional radiographs are parenchymal consolidation and multiple nodules measuring less 5 mm in diameter [38] .
In patients having AIDS, the most frequent finding was dense consolidation and mass-like opacities. The most frequent computed tomography (CT) pattern in immunocompromised patients without AIDS was ground-glass opacities which were bilateral patchy, diffuse distribution. Other findings included poorly-defined small nodules and consolidation. Interlobular septal thickening and pleural effusion [38, 39] .
Coinfections were other potentially life-threatening infections that occurred within 90 days of the episode of CMVp. These can contribute to death in patients with fatal CMVp [23] . HSCT and lung transplant recipients who develop CMVp or infection have an increased risk for subsequent invasive aspergillosis [23] .
In allogeneic bone marrow transplant recipients, the incidence of CMVp is 20-35% and the mortality is up to 50% [40] . IV ganciclovir is given concurrently with immune serum globulin or hyperimmune globulin. In autologous bone marrow transplant recipients, the incidence of CMVp is 2% [9, 23] . The mortality rate from CMVp in patients with HSCT was 100% [23] . In solid organ transplantation, the incidence of CMVp is 17 to 90 % [23] .
In adults with leukemia, the frequency of CMVp was 0.4%, 2.2%, 2.3%, and 2.5% in patients with myelodysplastic syndrome, acute myelogenous leukemia (AML), chronic myelogenous leukemia (CML), and acute lymphocytic leukemia (ALL) respectively and 8.8% and 11% in patients with chronic lymphocytic leukemia (CLL) and lymphoblastic lymphoma. The median duration of time from the diagnosis of leukemia to the occurrence of CMVp ranged from 6 months and 9 months in patients with AML and ALL, respectively, to 25 months and 54 months in patients with CML, and CLL respectively [1, 23] .
The CMVp among patients with leukemia, lymphoma and myelodysplastic syndrome, the mortality rate was 57%, and the death occurred 15 (2-36) days after onset of illness. Among patients treated before the occurrence of respiratory failure, the mortality rate was 48%. When therapy was initiated after the occurrence of respiratory failure that required mechanical ventilation, the mortality rate was 57-100 % [1,23].
Chemaly et al. [23] observed that, the incidence of CMVp among adults with lymphoma was 0.6-1.2%. In the 92% of the patients, chemotherapy had been administered to the patients within 6 months before the onset of CMVp. Essentially, these patients with lymphoma were treated with rituximab or alemtuzumab [23] .
A study of cancer patients receiving chemotherapy placed the incidence of CMVp below 3%, in patients with head and neck cancers, nasopharyngeal cancer (NPC), hypopharyngeal cancer (HPC), lung cancer, lymphoma and rectal cancer. The chemotherapy regimen used was cisplatin, 5-FU, fluorouracil, leucovorin and etoposide. As the incidence is low, prophylactic therapy was not recommended [5] .
Cascio et al. [6] reported that the 85% of patients with inflammatory bowel disease who developed CMVp were on treatment with thiopurines (azathioprine and 6-mercaptopurine) when they developed CMVp. The mean length of treatment with azathioprine before the appearance of respiratory symptoms was 19 months, with 6-mercaptopurine was 18 months, infliximab was 10 days to 3 weeks, and cyclosporine was 3 days. These patients had hematological findings such as pancytopenia, lymphopenia, neutropenia, leucopenia, severe anemia, hemophagocytic lymphohistiocytosis or thrombocytopenia. Symptoms lasted from 2 days to 1 month [6, 23] .
CMV gastrointestinal (GI) diseases
Symptoms range from low-grade fever, weight loss, anorexia, abdominal pain, and bloody diarrhea to a fulminant colitis. In HIV patients can have present esophageal ulcer, esophagitis, gastritis, duodenitis, jejunal and ileal perforation, peritonitis secondary, odynophagia, and bowel obstruction. GI CMV disease is estimated to affect about 20% of adults with AIDS, and it can be involved all parts of the gastrointestinal tract, but the colon and esophagus are the most common sites [4, 41] . CMV infection of the endothelial cells and ensuing vasculitis may play a role in the development of thrombosis, local ischemia and ulceration of the gastrointestinal mucosa [41] .
CMV colitis
Refers to the presence of the virus in the colon in sites of inflamed tissue. Within patients with severe ulcerative colitis (UC), CMV disease may occur more commonly in patients over age 55, and in patients treated with steroids. Steroids produce suppression of CMV-specific T-cell function. Infliximab has not been associated with an increased risk of CMV in patients with inflammatory bowel disease (IBD) [4] .
The prevalence of CMV colitis in resected IBD specimens ranged from 0 to 22% [39] , the prevalence assessed using CMV DNA in colon biopsy was 81% in UC patients, and 66% prevalence in Crohń s disease patients [3] . Domenech et al, showed a prevalence of colonic CMV of 32% in patients with steroid-refractory UC [10] .
CMV colitis has occurred primarily in patients with pre-existing UC, with documented disease for as long as 20-30 years [3] . Another theory was that CMV was an innocent bystander in IBD colitis. This may reflect infection with nonpathogenic genotypes. The challenge is differentiating the innocent bystanders from the pathogenic strains, so most patients are treated with antivirals, as the possible cost of delaying antiviral therapy is colectomy or even death. Refractory IBD colitis have been associated with CMV inclusions bodies, and these patients have a colectomy rate of 62% and a mortality rate of 44% [3] .
CMV reactivation exacerbates disease severity in those with active intestinal inflammation. Patients with IBD have impaired NK cell activity and defects in mucosal immunity, which may enhance susceptibility to CMV reactivation). Patients described as "steroid-refractory" show CMV detectable by immunohistochemistry (IHC) in 20%-40% of both endoscopic biopsies and colectomy specimens. CMV DNA was detectable in the colon of up to 60% of patients in the same study [4] .
CMV colitis is rare in patients with Crohn´s disease or mild-moderate ulcerative colitis. In patients with severe and/or steroid-refractory ulcerative colitis, the possibility of a concurrent CMV infection causing or worsening the colitis is considered, especially when patients are on immunosuppressive medications. Local reactivation of CMV can be detected in actively inflamed colonic tissue in about 30% of cases [3] .
CMV has tropism for dysplastic colonic tissue (adenomas and adenocarcinomas) and may play a significant role in cancer progression. The association of CMV infection with dysplasia progression in IBD patients increases the risk of developing colorectal cancer [3] .
The diagnosis includes:
Endoscopic findings comprise patchy erythema, exudates, microerosions, edematous mucosa, or deep ulcers and pseudotumor [42] . These findings can be very difficult to distinguish from severe IBD colitis [39] . CMV colitis may exclusively affect the right colon in up to 30% of cases [3] .
CMV antigenemia is being supplanted by leukocyte CMV PCR. A "cut off" level of viremia for distinguishing infection from disease is required for CMV colitis in patients with IBD [4] . Higher CMV viral loads correlate with symptomatic disease [3] . Most studies in patients with IBD have reported a correlation between identification of CMV by PCR in blood, and colonic detection in tissue by hematoxylin and eosin (H&E) or IHC [3, 4] . IHC improves histological sensitivity. It uses monoclonal antibodies, identifying infected cells in the colon. Sensibility ranges 78%-93% [4] . PCR of colonic tissue can be used to detect viral DNA [5] . The GI disease can occur even if there is no detection of CMV in the blood [10] .
The European Crohn´s and Colitis Organization guidelines (2009) [4] : its authors recommend the use of tissue PCR or IHC in investigating for CMV in cases of IBD.
Guidelines from the American College of Gastroenterology, and the European Crohn´s & Colitis Organization (ECCO) recommend treatment with antivirals when CMV is detected by blood PCR or IHC on colonic biopsies, which must be performed in all patients with severe colitis refractory to immunosuppressive therapy. They do not recommend colonic PCR because they give false positive results. Likewise, they recommend the discontinuation of immunosuppressive agents only in cases of severe systemic CMV disease [4] .
Treatment with antiviral therapy has allowed some patients with severe colitis to avoid colectomy despite poor response to conventional IBD therapies. CMV colitis is usually treated with ganciclovir, foscarnet, valganciclovir, or cidofovir. The recommended dosage is for at least 3-6 weeks. The "response rate" in patients with steroid-refractory disease who have reactivation of CMV is 72% (range 50%-100%) (figure 3) [3, 4] . In patients having AIDS, relapse of CMV gastrointestinal disease in AIDS patients can occur between 9 week and 1 year after initial antiviral [3] .
CMV hepatitis
Is defined by findings such as fever, vomiting, with hepatomegaly with hepatalgia, and atypical lymphocytosis may be approximately 50%, elevated bilirubin and/or enzyme levels, and detection of CMV by histopathologic analysis within the liver tissue is needed [13, 42] .
CMV pancreatitis
Requires the detection of CMV infection by immunohistochemical analysis together with the identification in a pancreatic biopsy. Detection of CMV by PCR alone is insufficient for diagnosis of CMV pancreatitis because it can imply the presence of transient viremia [42] .
CMV retinitis
Retinitis can appear more than 6 months after solid organ transplantation, mainly heart transplant recipients. The patients can be asymptomatic, or they may experience blurring of vision, scotomata, or decreased visual acuity. Fundoscopy often reveals the diagnosis [2] . In HIV-infected patients, retinitis is the single most common manifestation of CMV disease, accounting for 85% of all cases. In developing countries, CMV retinitis is still the most frequent cause of visual loss in HIV-infected patients. Accordingly, the incidence of CMV retinitis, which is the most common CMV disease among HIV patients, decreased from 17.1 ⁄ 100 patient years to 5.6 ⁄ 100 patient-years [2, 43] . CMV retinitis in a patient with AIDS appears as an arcuate zone of retinitis with extensive haemorrhages and optic disk swelling (figure 4) [43] .
CMV neurological diseases
CMV Guillain-Barré Syndrome (GBS)
GBS has become the most frequent cause of acute flaccid paralysis in Western countries, following the near-elimination of poliomyelitis. The current annual incidence is estimated to be 0.75-2 cases ⁄ 100 000 population. Infectious agents have been suggested as possible triggers of GBS, as some form of respiratory or gastrointestinal infection precedes nearly two-thirds of GBS cases. Infection with CMV is the most common antecedent virus infection, as identified by the presence of IgM antibodies in 10-15% of patients at the onset of GBS. However, antiviral therapy is currently not recommended in cases of GBS, since the disease is considered to be post infectious. Recently, the presence of CMV DNA has been demonstrated in almost onethird of serum and cerebrospinal fluid samples from GBS patients who were positive for CMVspecific antibodies at the onset of the neurological disease [43] 
CMV ventriculoencephalitis
This occurs rarely. It presents with changes in mental function. Multiple small, peri-ventricular lesions of the brain are detected following brain magnetic resonance imaging (arrow) (figure 5) [2, 43] .
CMV genitourinary diseases
CMV Nephritis
It can be defined by the detection of CMV infection by immunohistochemical analysis together with the identification of histological features of CMV infection in a kidney biopsy. Detection of CMV by PCR alone is insufficient for this diagnosis [42] .
CMV Cystitis
This CMV disease is defined by detection of CMV by immunohistochemical together with identification of conventional histological features of CMV in a bladder biopsy obtained from patient with symptoms of cystitis [42] .
CMV myocarditis
This occurs most frequently in heart transplant recipients. This infection is defined by the detection of CMV infection by immunohistochemical analysis together with the identification of conventional histological features of CMV infection in a heart biopsy specimen and CMV PCR. Detection of CMV by PCR alone is insufficient for the diagnosis of CMV myocarditis [42] . There is an association between CMV and left ventricular dysfunction [2] .
CMV vasculopathy
The CMV vasculopathy is considered to be an inflammatory disease. CMV and others organisms such as Chlamydia pneumoniae, Epstein Barr virus, herpes simplex virus-1, Mycoplasma pneumoniae and Helicobacter pylori are implicated, but evidence is strongest with CMV and Chlamydia pneumoniae. There is a correlation between CMV seropositivity and the presence of atherosclerosis, restenosis following and coronary angioplasty and transplant vascular sclerosis. CMV antigens and nucleic acids have been detected in atherosclerotic lesions in the different layers of the human aorta. Patients suffering from acute myocardial infarction have been found to develop CMV antigenaemia, reflecting either a primary infection or reactivation of a latent infection [44] .
CMV infects cells in vessels on endotelial cells, smooth muscle cells and macrophages contribute to the slow progression and aggravation of atherosclerosis. The virus may also contribute to coronary thrombosis [44] .
CMV associated Hemophagocytic Syndrome (HPS)
CMV hemophagocytic syndrome, also referred as macrophage activation syndrome (MAS) or haemophagocytic lymphohistiocytosis (HLH), is a reactive disorder, characterized by generalized histiocytic proliferation, with marked hemophagocytosis. This syndrome was first described by Risdull et al in 1979 in transplant patients [45] . There are two forms of HPS, familial erytrocytic lymphohistiocytosis and the secondary or reactive HPS [34, 46, 47] .
Reactive or secondary HPS may develop during systemic infections, immunodeficiencies or malignancies. Infection-associated hemophagocytic syndrome (IAHS) is observed with viral infections (CMV, Epstein Barr virus, human herpes virus 8, human herpes virus 6, Parvovirus B19 or BK polyoma virus), bacterial infections (Escherichia coli and Mycobacterium), fungal infection (Histoplasma, Pneumocystis, and Penicillum marneffei), parasitic infections (toxoplasmosis, leishmaniasis or babesiosis). HPS may also develop as a complication of malignancies such as T-cell lymphomas and metastatic carcinomas. Secundary HPS to inflammatory/ autoimmune disorders, including systemic lupus erythematosus, rheumatoid arthritis and Still´s disease, or due anticonvulsants such as phenytoin and carbamazepine [34, 45, 46] .
Cytomegalovirus has been associated with haemophagocytic syndrome in healthy patients, patients with inflammatory bowel diseases, rheumatological diseases, and transplant recipients [45, 47] .
The pathophysiology of HPS is not completely understood there is an activation of lymphohistiocytic tissue secondary to hypercytokinemia derived from the activation of T lymphocytes and activated macrophages, causing fever, shock, and organ dysfunction [48, 4] ).
The HLH (Henter, 2004), (Emmenegger, 2005) diagnostic criteria are shown in Table 1 ,
The most typical signs of HPS are fever ≥ 38.3ºC) and splenomegaly associated with pancytopenia (affecting ≥ 2 cell lineages in peripheral blood), hepatic enzyme abnormalities, hypertriglyceridemia or hypofibrinogenemia are common features of HPS. The diagnostic sensitivity of hypertriglyceridemia, hypofibrinogenemia and splenomegaly may be about 50%, but the diagnostic sensitivity of low NK cell activity and soluble CD25 levels approaches 100%. The histopathologic features are not pathognomonic. The most prominent feature is proliferation of histiocytes and hemophagocytosis in bone marrow, spleen, or lymph nodes, with no evidence of malignancy [34, 45, 48, 49] . Table 1 . HLH-2004 Diagnostic criteria, References [48, 49] Therapy includes corticosteroids, cyclosporine, withdrawal of the immunosuppressant treatment, intravenous immunoglobulins (0.4g/ kg /day for 5 days) and antiviral treatment. The mortality rates are 30-40 % [45] . The hemophagocytic syndrome should be considered if a patient has fever of unknown origin, pancytopenia and multiorgan dysfunction [45, 48, 49] .
